Background: Multiple cancers may occur in an individual because of a genetic predisposition, environmental exposure, cancer therapy, or immunological deficiency. Colorectal cancer is one of the most commonly diagnosed cancers, and inherited factors play an important role in its aetiology. Aims: To characterise the occurrence of multiple primary cancers in patients diagnosed with colorectal cancer and explore the possibility of a common aetiology for different cancer sites. Patients: The Thames Cancer Registry database was used to identify patients with a first colorectal cancer, resident in the North or South Thames region, diagnosed between 1 January 1961 and 31 December 1995. A total of 127 281 patients were included, 61 433 men and 65 848 women. Methods: Observed numbers of cancers occurring after the diagnosis of colorectal cancer were compared with expected numbers, calculated using appropriate age, sex, and period specific rates, to obtain standardised incidence ratios. The occurrence of colorectal cancers subsequent to cancers at other sites was also examined. Results: Small intestinal cancer was significantly increased in men diagnosed with colorectal cancer before the age of 60 years and in women diagnosed with colorectal cancer after the age of 65 years. Colorectal cancer was also significantly increased after a first diagnosis of cancer of the small intestine. Other cancer sites with a significant increase after colorectal cancer included the cervix uteri, corpus uteri, and ovary. Conclusions: Patients with colorectal cancer are at increased risk of developing cancer at a number of other sites. Some of these associations are consistent with the effects of known inherited cancer susceptibility genes.
A n individual may develop multiple primary cancers for several reasons: environmental exposure to carcinogens, genetic predisposition, therapy for the first cancer, or immunological deficiency.
Colorectal cancer is one of the most common cancers diagnosed throughout the world, in both men and women, and inherited factors are known to play a major role in its aetiology. Hereditary non-polyposis colorectal cancer (HNPCC) syndrome is an autosomal dominantly inherited condition caused by mutations in several "mismatch repair" genes, the most common being hMSH2 and hMLH1. 1 The primary risk is to cancer of the colon and rectum but family studies have shown that mutation carriers also have increased relative risks of developing cancers of the corpus uteri, ovary, stomach, pancreas, and small intestine. 2 3 The cumulative lifetime risks among putative HNPCC carriers have been reported as 78% for colorectal cancer, 43% for cancer of the corpus uteri, 19% for stomach cancer, 18% for biliary tract cancer, 10% for urinary tract cancer, and 9% for ovarian cancer. 4 Another condition, familial adenomatous polyposis, carries a very high risk of colorectal adenomas and cancers, and an increased relative risk of small intestinal and thyroid cancer. 5 6 Hereditary cancers characteristically have an onset at a younger age than sporadic cancer. 7 A number of population based studies focusing on second primary cancers occurring after cancers of the colon and rectum have been reported. [8] [9] [10] [11] [12] [13] [14] The results of these studies are varied and include significantly increased risks of second cancers of the stomach, small intestine, colon, rectum, kidney, bladder, prostate, thyroid, breast, corpus uteri, ovary, brain, and gall bladder. Cancer registries throughout the world differ with regard to reporting, follow up, and coding practices which may account for some of the variation in results. Also, different criteria for inclusion may be used. For example, some multiple primary studies exclude cancers that are diagnosed within one year of the index cancer whereas others exclude cancers diagnosed within two months.
In this paper, we have used one of the world's largest population based cancer registries to identify second cancers which occur at a higher than expected rate after the diagnosis of colorectal cancer. The sequence of cancers occurring in individual patients with multiple cancers, which included colorectal cancer, was examined to establish pairs of cancer sites with mutually increased risks. Cases of second cancer induced by treatment are clearly sequence specific (that is, treatment induced cancers occur second). Cancers induced by chemotherapy and radiotherapy are also likely to occur in a predictable time window after treatment for the first cancerthe time being 1-5 years for acute myeloid leukaemia and 10-25 years for solid tumours.
METHODS
The Thames Cancer Registry (TCR) is a population based registry that started in 1960 and now covers a population of 14 million in southeast England. The database currently contains details of over 1.5 million incident cancers. Patients registered at the TCR represent a cohort of individuals followed up from diagnosis to death. The numbers of observed second primary cancers diagnosed after an initial cancer can be compared with those expected using age and sex specific cancer rates observed in the corresponding region during the same time period.
Approximately 5% of patients registered at the TCR are diagnosed with multiple primary cancers (excluding basal cell carcinomas of the skin). An important consideration is that metastases or recurrences of the initial tumour should not be classified as new primary tumours. As a general rule, to be classified as a new primary cancer the tumour should be at a different anatomical site and of a different histological type from the first tumour, or to be stated explicitly as being a new primary tumour by the treating clinician.
An index cohort was created by extracting all registrations of patients with a first colorectal cancer (ICD-10 C18-C21), resident in the North or South Thames region, diagnosed between 1 January 1961 and 31 December 1995 from the TCR database. Cases were stratified by age at diagnosis of colorectal cancer (under 60 years or 60 years and over for men, under 65 years or 65 years and over for women) and each group was analysed separately. These cut off ages were chosen to include approximately one quarter of the total cases, for each sex, in the younger group for analysis. Within each individual, subsequent cancers were counted and sequenced according to the date of diagnosis. For patients with two or more subsequent cancers, each cancer was analysed as an independent observation.
Non-melanoma skin cancers and non-malignant tumours were excluded. Patients without a date of birth and those with a cancer at a different site, diagnosed on the same day as colorectal cancer, were not included.
Person years at risk were calculated from the date of diagnosis of colorectal cancer to the date of first diagnosis of cancer at a specified site or to the exit date (date of death, loss to follow up, or 85th birthday, whichever was earlier). Patients diagnosed prior to 1 January 1971 were followed up actively, obtaining death information, until 31 December 1982. These patients were censored at this date. Patients diagnosed after 31 December 1970 were followed up passively through the NHS Central Registry, which provides notifications of all deaths routinely to the registry. These patients were censored at 31 December 1996. Age/sex/period specific cancer incidence rates for the region covered by the TCR were then applied to the cohort to calculate the number of subsequent tumours that would be expected for each site. The observed number was divided by the expected number to obtain a standardised incidence ratio (SIR) estimate, and 95% confidence intervals (CI) were calculated assuming a Poisson distribution. SIR estimates for intervals of 0-4 years, 5-9 years, 10-14 years, and 15 or more years after the colorectal cancer diagnosis were also calculated. All statistical analysis was performed using Stata. 15 A total of 40 subsequent cancer sites were studied, classified according to the 10th revision of the International Classification of Diseases (ICD). 16 This method was then repeated, using other cancer sites commonly observed to occur after colorectal cancer as the index site, to establish whether any of the same associations were seen with a subsequent colorectal cancer.
RESULTS
After exclusions, a total of 127 281 patients were reported to have a first primary colorectal cancer diagnosed between 1961 and 1995: 61 433 (48.3%) men and 65 848 (51.7%) women. Mean follow up time was 4.6 years for the younger men (under 60 years), 2.5 years for the older men, 5.0 years for the younger women (under 65 years), and 2.4 years for the older women. Results for individual secondary cancer sites are presented in tables 1 and 2. Sites for which five or fewer cases were observed in both men and women were omitted from the tables.
Digestive cancers
Cancers of the colon and rectum were significantly increased in men diagnosed with a first colorectal cancer before the age of 60 years, with SIR values of 2.33 and 1.46, respectively. The overall SIR for a subsequent colorectal cancer was 1.95 (95% CI 1.60-2.36). The increase in colon cancers was seen throughout the follow up period but the increase in rectal cancers was restricted to the first five years after the diagnosis of the first colorectal cancer (fig 1) . In the older cohort of men, four sites had significantly fewer cancers than expected: stomach (SIR 0.75), colon (SIR 0.58), rectum (SIR 0.36), and pancreas (SIR 0.71). The overall SIR for a subsequent colorectal cancer was 0.48 (95% CI 0.42-0.57). Women diagnosed with a first colorectal cancer before the age of 65 years had a significantly increased risk of developing a subsequent colon cancer (SIR 1.28). This increase was fairly consistent throughout the follow up period (fig 2) . The SIR for colorectal cancer was 1.20 (95% CI 1.00-1.45). Small intestinal cancer was significantly increased in the older cohort of women (SIR 2.86) whereas significantly reduced risks were seen for cancers at four sites in this group of women: stomach (SIR 0.55), colon (SIR 0.60), rectum (SIR 0.49), and pancreas (SIR 0.54). The overall SIR for colorectal cancer was 0.56 (95% CI 0.48-0.67).
Female reproductive cancers
Women diagnosed with colorectal cancer before the age of 65 years showed significant increases in cancer of the cervix uteri (SIR 1.61), corpus uteri (SIR 1.56), and ovary (SIR 2.56). The increase in ovarian cancer was limited to the first five years after the first colorectal cancer diagnosis, the increase in cervix uteri was seen in the first 10 years, and the increase in cancer of the corpus uteri was consistent throughout the follow up period. A significant increase was also seen in the older cohort for cancer of the ovary (SIR 1.59).
Other cancers
Cancer of the eye was significantly increased in men with a first colorectal cancer diagnosed before the age of 60 years (SIR 4.03). It should be noted that none of these five cases were retinoblastomas. Lung cancer and brain cancer were significantly decreased in older men, the SIRs being 0.67 and 0.50, respectively. Multiple myeloma was significantly decreased in younger men (SIR 0.16).
Colorectal cancer as a subsequent cancer Colorectal cancer was significantly increased after a first diagnosis of small intestinal cancer in both men and women, with SIRs of 3.61 and 3.06, respectively (table 3). Colorectal cancer was also increased after a first diagnosis of cancer of the ovary (SIR 1.93), corpus uteri (SIR 1.18), and cervix uteri (SIR 1.19).
DISCUSSION

Overall risks
The overall risk of subsequent cancer in men diagnosed with colorectal cancer before the age of 60 was increased but this increase was not significant at the 95% level. The risk in men diagnosed at age 60 years and above was significantly lower than expected. The overall risk in women diagnosed with colorectal cancer before the age of 65 years was increased significantly by about 20%. Women diagnosed at an older age had a significantly lower than expected risk of developing a subsequent cancer.
It is likely that the decreased risks found in this study, especially in older individuals, were largely due to under ascertainment. The TCR may not always be notified of subsequent cancers diagnosed in patients who have moved out of the area. Multiple tumours may not be matched up correctly to the same person, which would lead to an artificially long follow up and the creation of "immortals" on the database. Finally, a new primary cancer may be misdiagnosed as a recurrence or metastasis.
Digestive cancers
Small intestinal cancer was increased in all groups but the increase was only significant in older women. Colorectal cancer was significantly increased after small intestinal cancer for both men and women. This association could be due to individuals with HNPCC as studies have shown that there is a highly increased relative risk of small intestinal cancer in families with HNPCC. 17 A Dutch study reported relative risks of 292 and 103 in carriers of hMLH1 and hMSH2 mutations, respectively. 3 It is difficult to assess the true incidence of subsequent colon and rectal cancer because treatment for the first tumour may involve surgical removal of all or part of the organ. This would result in the SIR being underestimated as these patients will be at lower risk of developing colorectal cancers than the general population. Colon cancer was significantly increased in both men and women diagnosed with the first cancer at a young age but it was significantly decreased for those patients diagnosed with the first cancer at an older age. Rectal cancer was only significantly increased in men diagnosed before the age of 60 years. The fact that we did not find a significant increase in stomach cancer was surprising as it is known to be associated with HNPCC 17 18 but other cancer registry studies have also failed to report an increased risk of stomach cancer after colorectal cancers. 9 11-13 In fact, a significantly decreased risk of stomach cancer after rectal cancer has been found in Connecticut, Denmark, Finland, and Italy. 8 9 12 13 Reasons for these deficits are not clear. A low socioeconomic status is associated with a higher risk of stomach cancer whereas the converse is true for colon cancer 19 20 but other factors such as the protective effect of fruit and vegetables are common to both sites. An Italian population based study reported a non-significant deficit of stomach cancer in HNPCC family members but this was thought to be due to insufficient length of follow up. 21 Another HNPCC family study in the Netherlands found that almost all of the cases of stomach cancer occurred in the previous generation of family members presenting with colorectal cancer, rather than in the same individuals. 22 Female reproductive cancers There were significant increases in cancers of the cervix uteri, corpus uteri, and ovary. Colorectal cancers were also significantly increased after a first cancer at each of these sites. Cancers of the corpus uteri and ovary are both increased in individuals with HNPCC. 17 Hormonal factors may explain some of the association between colorectal and corpus uteri cancers. Nulliparity is associated with a two to threefold increase in cancer of the corpus uteri. 23 An American case control study reported that nulliparous women with a positive family history of colorectal cancer had a relative risk of 2.38 for colorectal cancer compared with 1.21 for women with higher parity (>4). 24 The possibility of metastatic spread to the ovaries has also to be considered, particularly as the increase in ovarian cancer was confined to the first five years after diagnosis. However, first degree relatives of patients with HNPCC in the UK have been shown to have a significantly increased risk of dying from ovarian cancer (relative risk 3.18). 25 The observed increase in cancer of the cervix uteri is surprising, particularly as this cancer is more common in lower socioeconomic groups, in contrast with colon cancer. 26 The significant increase is restricted to the first 10 years after diagnosis of colorectal cancer, which suggests that treatment for the first cancer, increased surveillance, and misdiagnosed recurrences may be contributing factors. The cohort of patients with colorectal cancer includes 2678 (2%) anal cancers. If women with a first anal cancer are excluded from the cohort, the increase in cervical cancer is attenuated and it no longer reaches statistical significance (SIR 1.43, 95% CI 0.96-2.04 in the younger group and SIR 1.37, 95% CI 0.94-1.94 in the older group). This suggests that some of the increase may be due to human papillomavirus which is known to be associated with both anal cancer and cervical cancer. 27 The role of HNPCC As HNPCC is known to cause an increased risk of cancers of the corpus uteri, ovary, small intestine, stomach, bladder, and kidney, it is a strong candidate for the genetic condition underlying co-occurrence of colorectal cancer with these other cancer types. Penetrances for these cancers in HNPCC have been estimated in Finnish HNPCC families. 4 If we assume that the increased relative risks found in our population were solely due to HNPCC, we can estimate the proportion of colorectal cancer cases in our study that would have HNPCC (table 4) . In all cases except for ovarian cancer, this estimated proportion lies within the range 0.2-2.0%, which is consistent with published estimates of the population prevalence of the condition in colorectal cancer cases. [28] [29] [30] However, in the case of ovarian cancer, the estimated proportion of HNPCC cases required to produce the observed SIR value far exceeds this, suggesting that additional factors such as metastasis or other genes predisposing to both ovarian and colorectal cancer are involved.
Other cancers
Cancers of the eye were significantly increased in men diagnosed with colorectal cancer before the age of 60 years. Six of the eight eye cancers were diagnosed as malignant melanomas. The Denmark and Connecticut cancer registry studies also reported increases in ocular cancer but they were not statistically significant. An American study showed that the overall cancer prevalence was higher than expected in patients with uveal melanoma, with the majority of other cancers being diagnosed before the diagnosis of uveal melanoma. 31 An increase in colon cancer was reported but was not significant.
In conclusion, we have detected a number of associations between extracolonic cancers and colorectal cancer, especially in individuals diagnosed at a young age. Inherited susceptibility genes (particularly those causing HNPCC) which confer increased risks for both cancer types could account for most of these associations. 
